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Fig. 2. Image of convection cells and resulting “mode 3” 
bumpiness. 

The convection cells only form if a combination of 
parameters exceed a critical value Mc 

M = (dy/dC)(dC/dL) L2/q D > (1) 

where dyldC is the concentration gradient of the outer 
interfacial surface tension, dC/dL is the radial change of 
concentration, L is the thickness of he layer, 11 is the 
viscosity of the polymer solution, and D is the diffusivity 
of fluorobenzene in the polymer solution. By adding a 
bubbler with fluorobenzene, to bubble air with 
fluorobenzene over the solution of encapsulated shells, we 
slowed the curing rate and decreased dC/dL, thereby 
lowering M below Mc. Figure 3 shows how this addition of 
a bubbler resulted in a much reduced bumpiness across 
modes 2-20, reduced well below the required NIF 
standard. 

Calculations are underway, to model the Marangoni 
mode structure throughout the curing process, from first 
principles. Initial linear theory calculations show that the 
concentration gradient across the shell wall is very small 
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Fig. 3. Shows the shell scans. The resulting power 
spectrum is shown as the lower red curve in Fig. l(b). 

(AC of order 0.1% or less of the average concentration), 
which confirms the lack of formation of an outer skin, so 
the outer surface can move toward the inner radius during 
curing. In an initial calculation with a linear stability 
model, where “a single 2 mm shell” loses fluorobenzene to 
an infinite bath near saturation (Cinf = 0.014, where 
saturation is O.OlSO), with a Biot number of 1.0, the stable 
modes slowly evolve in time from 1+1 to 5 (Fig. 4). 

111. A PUZZLE WITH CENTERING 

Norimatsu has proposed a model for the centering of 
the inner water drop within the oil drop2 The normal mode 
oscillation of the compound drop pumps oil (shell wall 
solution) toward the thin regions, thus pushing the water 
drop toward the center. We cannot say this model is 
incorrect, nor can we propose an alternative possibility, but 
we have observed some data which cannot be explained by 
his model. 

Typically, we add NH4Cl to the exterior W2 solution 
(which has PVA), in order to suppress vacuoles and 
provide density matching in 1 mm  shell^.^^^ With 2 rnm 
shells, the suspending W2 has PAA (polyacrylic acid), 
rather than PVA, and NH4Cl is incompatible with PAA.5 
We had sought a salt compatible with PAA, and disodium 
phosphate .is compatible. In seeking to improve 1 mm 
shells, we have attempted adding some PAA (and 
phosphate) to the standard PVA solution. HOWEVER, the 
nonconcentricity of the resulting mandrels has consistently 
been worse, and out of specifications. Figure 5 shows one 
example, where six beakers of 1 mm shells were made 
(three at the reference 48”C, and 3 at 60°C). We find these 
results befuddling: why should the addition of salt on the 
outside of the shell, effect the motion of the interior water 
ball? We can surmise a change in interfacial tension, but 
we have not measured the interfacial tension. A decrease in 
outside interfacial tension may make the oscillation 
magnitude larger, thus hastening the centering. So possible 
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Fig. 4. Marangoni number of each 1 mode, as a function of 
time, for a 2 mm shell curing. Most stable modes are 
1,2,2,5 at time = 1,50,100,1000 s .  
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